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[57] ABSTRACT 


A quasi-resonant DC to DC converter having zero-cur- 
rent and zero-voltage switching includes a transformer 
with primary and secondary windings, and periodic 
switching means connected in series with the primary 
winding. The converter further includes an input capac- 
itor parallel to the transformer’s primary winding and 
an output capacitor parallel to the secondary winding. 
The topology of the converter is determined by select- 
ing an input capacitor having a capacitance much lower 
than the output capacitor, by selecting the resonance 
period of a circuit including the input capacitor and the 
overall series inductance of the transformer to be 
shorter than the ON period of the periodic switching 
means, and by selecting the resonance period of a cir- 
cuit including the overall parasitic capacitance, referred 
to the primary side of the transformer and the periodic 
switching means, and the magnetizing inductance of the 
transformer to be shorter than the OFF period of the 
periodic switching means. 


5 Claims, 3 Drawing Sheets 
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DC TO DC CONVERTER USING 
QUASI-RESONANCE 


The present invention relates to DC/DC converters, 
in particular to such converters used for electronic 
power conditioners (EPC) for traveling wave tubes 
amplifiers (T WTA). The present invention is also useful 
for high frequency DC/DC converters. 

Such converters comprise a transformer, periodic 
switching means in series with the primary winding of 
said transformer, an input capacitor connected in paral- 
lel with a DC power source and an output capacitor 
connected in parallel with a load. 

One of the most serious problems encountered in the 
design of such converters is due to the high voltages 
across the switches and to the parasitic voltages occur- 
ring during the switching of the switching means. 

Moreover, the parasitic reactances of the transform- 
er’s windings introduce some disturbance particularly 
when operating at high frequency. 

The European patent 0 077 958 of Oct. 9, 1982 dis- 
closes a DC/DC converter in which the current flow- 
ing through the switches at the time of their commuta- 
tion is cancelled by using several electronic central 
circuits for generating, synchronizing and inserting 
cancellation periods of the current within the commuta- 
tion cycle. This involves the use of complicated and 
onerous electronic circuits. 

The USS. Pat. No. 4,415,959 to P. Vinciarelli discloses 
a DC/DC converter having a zero switching current. 
This converter uses a transformer the leakage induc- 
tance of which constitutes a quasi-resonant circuit with 
the output capacitor. It is therefore possible to cancel 
the switching current of on the periodic switching 
means. But, however, this known DC/DC converter 
has a high ripple voltage at its output. 

The object-of the present invention is to provide a 
DC/DC converter such as an electronic power condi- 
tioner (EPC) for travelling wave tube amplifiers 
(TWTA), that does not present the above-cited draw- 
backs. 

In the DC/DC converter according to the present 
invention, the capacitance of the input capacitor (Cjn) is 
much lower than the capacitance of the output capaci- 
tor (Cy), the resonance period of the circuit determined 
by the input capacitor (Cj,) and the overall series induc- 
tance of said transformer is shorter than the on period of 
said periodic switching means (S, S1, S2), and the reso- 
nance period of the circuit determined by the overall 
parasitic capacitance of the total circuit primary re- 
ferred to the side of said transformer and of said peri- 
odic switching means and by the magnetizing induc- 
tance of said transformer is shorter than the off period 
of said periodic switching means. 

According to another feature of the invention, a tun- 
ing capacitor is connected in parallel with said periodic 
switching means, to tune the duration of the resonance 
period occurring during the off period of the switching 
means. : 

One embodiment of the present invention is a push- 
pull DC/DC converter in which said transformer com- 
prises a primary winding with a mid-point connection 
and said periodic switching means are constituted by 
two switches being respectively connected in series 
with one end of said primary winding; in this case, said 
overall parasitic capacitance is the overall total parasitic 
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2 
capacitance as referred to the switched side of the trans- 
former. 

Other advantages and features will become apparent 
from the following description of preferred embodi- 
ments and from the claims. In this description: 

FIG. 1 is the diagram of the first embodiment of the 
present invention; 

FIGS. 2a to 2c show characteristic curves of the 
circuit of FIG. 1, 

FIG. 3 is the diagram of a push-pull DC/DC con- 
verter according to the present invention, 

FIGS. 3a to 3e show characteristic curves of the 
circuit of FIG. 3, 

FIG. 4 shows a push-pull multioutput DC/DC con- 
verter according to the present invention, 

FIGS. 5a and 55 are detailed diagrams concerning 
the parasitic or stray capacitance. 

Referring to FIG. 1, a DC/DC converter comprising 
a primary winding 21 is supplied with a constant DC 
voltage Vi, that is applied to terminals 10 and 11. The 
primary circuit of the transformer 20 comprises a series 
input inductance Lj and a parallel input capacitor Cin. 

The secondary circuit of this converter comprises a 
series of inductance L and a capacitor C, parallel to the 
output; the secondary current is rectified by a diode D 
and applied to a load represented by a resistor Ry con- 
nected to output terminals 12 and 13. In the primary 
circuit, switching means S is connected in series with 
the primary winding 21. This switching means S consti- 
tutes a periodic switching means, for instance a field- 
effect transistor FET, that is controlled by a control 
circuit 14. The magnetizing inductance L» and the 
overall stray or parasitic capacitance C; are shown in 
dotted lines. 

According to the present invention, the value of the 
input inductance Lj, is much greater than the total series 
inductance between C;, and Co. The input capacitance 
Cin is much lower than the corresponding value of the 
output capacitor Cy. 

The input capacitor C;, and the series inductance Ls 
which includes the leakage inductance of the trans- 
former and the output inductance L; form a resonat 
circuit the period of which is: 


T=7V LyCin. 


According to the present invention, this period T is 
shorter than the closed or on period of the periodic 
switching means S. As a result, the current I; in the 
switch S, which is shown in FIG. 28, has the shape of a 
half sinusoid 22. The curve 2a shows the voltage across 
the input capacitor Cj, that decreases from the value 
NV,.+dV to the value NV,—dV, N being the nominal 
transformation ratio of the transformer 20. 

The curve 2c represents the voltage across the switch 
S; according to the present invention, the resonance 
period of the circuit constituted by the magnetizing 
inductance L,, and the overall stray or parasitic capaci- 
tance C; is shorter than the open or off period of the 
periodic switching means. As a result, the voltage 
across the switch S presents the shape of a half sinusoid 
23; this voltage returns to zero before the new closing 
operation of the switch §; as a result, there is no loss in 
the parasitic elements Ly, and Cs. 

The magnetizing current I,, that is flowing through 
the magnetizing inductance L», must be added to. the 
current I, of the primary winding 21 for obtaining the 
total primary current Ip. This means that when the 
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current I, comes to zero after the half-sinusoid 22, the 
magnetizing current I,, remains. In fact, since the mag- 
netizing current is very low, the switching losses due to 
the closing of the switch S are very low. 

FIG. 5a is a detailed diagram illustrating the parasitic 
or stray capacitance C; of FIG. 1. In fact, according to 
the present invention, the quasi-resonance involves all 
the parasitic capacitance, i.e. the drain-source capaci- 
tance Cys of the power FET constituting the switch S, 
the winding stray capacitance Cy and any other capaci- 
tance C, due to the physical layout of the circuit board 
used. All these parasitic capacitances can be combined 
to provide a total equivalent capacitance C; connected a 
shown in FIG. 5b across the FET; if necessary, it is 
possible to combine this total stray capacitance with the 
capacitance of a tuning capacitor C; connected as 
shown in FIG. 5%, for tuning the resonance period. 
Tuning capacitor C, includes the input capacitance Cin. 

FIG. 3 shows another embodiment of the invention as 
applied to a push-pull DC/DC converter. In this em- 
bodiment, the components that are equivalent to those 
of FIG. 1 are referenced by the same references. The 
push-pull converter uses a transformer 30 comprising a 
primary winding with a mid-point connection 31; the 
periodic switching means are constituted by two 
switches S1 and S2, each of these being connected in 
series with one end of the primary winding of the trans- 
former 30. The secondary circuit comprises a full wave 
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rectifier including two diodes D1 and D2 the anode of 30 


which is connected to one end of the secondary wind- 
ing; their cathodes are connected to the positive termi- 
nal 12 and the negative terminal 13 is connected to the 
mid-point connection 32 of the secondary winding. 

In this case, the quasi-resonance of the parasitic reac- 
tances is realized for each half-winding of the primary 
winding. 

FIGS. 3a ta_3e show respectively the voltage across 
the put capacitor C;,, the current I,; in one half-wind- 
ing of the primary winding, the current I,2 in the second 
half-winding of the primary winding, the voltage across 
the first half-winding and the voltage across the second 
half-winding. 

Both switches S1 and S2 operate in a symmetrical 
alternate way. During the periods 33 and 34 when both 
switches are opened, the polarity of the transformer 32 
is reversed due to the energy stored in the magnetizing 
inductance L». This voltage reversal is controlled by 
the parallel resonance of the magnetizing inductance 
Lym and the stray capacitance Cs. 

FIG. 4 shows an embodiment of a push-pull DC/DC 
converter according to the present invention that can 
comprise several outputs, two of which are shown in 
the present embodiment. 

In a preferred embodiment of the present invention, 
the values of the different components are the follow- 


ing: 
Lin=50 microhenry 

Cin=0.1 microfarad 

C,=1 microfarad 

The operation frequency is 500 kHz and the power 
output is 100 W. 

The DC to DC converters according to the present 
invention are particularly useful for high frequency 
converters used in spacecraft since losses due to the 
parasitic reactances are eliminated so that the efficiency 
is highly improved and the weight is reduced. 
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I claim: 

1. A DC to DC converter for supplying direct cur- 
rent from a source to a load, in particular one for oper- 
ating at high frequency and for feeding traveling wave 
tube amplifiers (TWTA), said converter comprising: 

a transformer having a primary circuit connectable to 
the source and containing a primary winding, said 
transformer having a secondary circuit connect- 
able to the load and containing a secondary wind- 
ing, said transformer possessing a magnetizing in- 
ductance (L,,) and a series inductance (Ls); 

periodic switching means (S, S1, S2) connected in 
series with said primary winding in said primary 
circuit of said transformer, said switching means 
switching between a closed period when said 
switching means is closed and an open period when 
said switching means is open; 

an output capacitor (C,) connected in parallel in the 
secondary circuit of said transformer; and 

an input capacitor (Cj,) connected in parallel in the 
primary circuit of said transformer, the capacitance 
of said input capacitor (C;,) being much lower than 
the capacitance of said output capacitor (Cp); 

said converter possessing parasitic capacitance (C;) 
including that of said primary winding and said 
periodic switching means, said parasitic capaci-— 
tance being referrable to the primary circuit of said 
transformer; 

said input capacitor (Cj) and said series inductance 
(Ls) of said transformer forming a first circuit in 
said converter having a resonance period shorter 
than the on period of said periodic switching means 
(S, S1, S2) and controlling the current through said 
periodic switching means in the on periods for 
reducing the current through said periodic switch- 
ing means to essentially zero when switching oc- 
curs in said switching means, and 

said parasitic capacitance (C;) of said converter re- 
ferred to primary circuit of said transformer and 
said magnetizing inductance (Lm) of said trans- 
former forming a second circuit in said converter 
having a resonance period shorter than the off 
period of said periodic switching means and con- 
trolling the voltage across said periodic switching 
means in the off period for reducing the voltage 
across said periodic switching means to zero when 
switching occurs in said switching means. 

2. The converter according to claim 1, further includ- 
ing a tuning capacitor (C;) connected in parallel to said 
periodic switching means for altering the resonance 
period of said second circuit. 

3. The converter according to claim 1, wherein said 
transformer includes a primary winding with a mid- 
point connection, said periodic switching means com- 
prising a pair of switches (S1, Sz) respectively con- 
nected in series with an end of said primary winding, 
and wherein said parasitic capacitance (C;) is that of one 
half of the winding and of the associated switch. 

4. The converter according to claim 1 wherein said 
transformer comprises at least two secondary windings, 
each of which provides an output of said converter. 

5. The converter according to claim 1 wherein said 
primary and secondary circuits are further defined as 
providing a generally sinusoidally wave form to the 
current through, and voltage across, said periodic 


switching means. 
x * * * * 


